318

TABLE 66-4 Causes of High-Anion Gap Metabolic Acidosis
Lactic acidosis
Ketoacidosis
Diabetic
Alcoholic
Starvation

Toxins
Ethylene glycol
Methanol
Salicylates
Propylene glycol
Pyroglutamic acid (5-oxoproline)
Renal failure (acute and chronic)

PART 2
Cardinal Manifestations and Presentation of Diseases

the acid anion in plasma is metabolizable (i.e., β-hydroxybutyrate,
acetoacetate, and lactate) or nonmetabolizable (anions that accumulate in chronic renal failure and after toxin ingestion). The latter
requires return of renal function to replenish the [HCO3-] deficit, a
slow and often unpredictable process. Consequently, patients with
a normal AG acidosis (hyperchloremic acidosis), a slightly elevated
AG (mixed hyperchloremic and AG acidosis), or an AG attributable to
a nonmetabolizable anion in the face of renal failure should receive
alkali therapy, either PO (NaHCO3 or Shohl’s solution) or IV (NaHCO3),
in an amount necessary to slowly increase the plasma [HCO3-] into
the 20–22 mmol/L range. Overcorrection must be avoided.
Controversy exists, however, in regard to the use of alkali in
patients with a pure AG acidosis owing to accumulation of a
metabolizable organic acid anion (ketoacidosis or lactic acidosis). In
general, severe acidosis (pH <7.10) warrants the IV administration
of 50–100 meq of NaHCO3, over 30–45 min, during the initial 1–2 h
of therapy. Provision of such modest quantities of alkali in this situation seems to provide an added measure of safety, but it is essential to monitor plasma electrolytes during the course of therapy,
because the [K+] may decline as pH rises. The goal is to increase
the [HCO3-] to 10 meq/L and the pH to approximately 7.20, not to
increase these values to normal.
HIGH-ANION GAP ACIDOSES

APPROACH TO THE PATIENT:
High-Anion Gap Acidoses
There are four principal causes of a high-AG acidosis: (1) lactic
acidosis, (2) ketoacidosis, (3) ingested toxins, and (4) acute and
chronic renal failure (Table 66-4). Initial screening to differentiate
the high-AG acidoses should include (1) a probe of the history for
evidence of drug and toxin ingestion and measurement of arterial
blood gas to detect coexistent respiratory alkalosis (salicylates);
(2) determination of whether diabetes mellitus is present (diabetic
ketoacidosis); (3) a search for evidence of alcoholism or increased
levels of β-hydroxybutyrate (alcoholic ketoacidosis); (4) observation for clinical signs of uremia and determination of the blood urea
nitrogen (BUN) and creatinine (uremic acidosis); (5) inspection of
the urine for oxalate crystals (ethylene glycol); and (6) recognition
of the numerous clinical settings in which lactate levels may be
increased (hypotension, shock, cardiac failure, leukemia, cancer,
and drug or toxin ingestion).
Lactic Acidosis An increase in plasma l-lactate may be secondary to
poor tissue perfusion (type A)—circulatory insufficiency (shock, cardiac
failure), severe anemia, mitochondrial enzyme defects, and inhibitors (carbon monoxide, cyanide)—or to aerobic disorders (type B)—
malignancies, nucleoside analogue reverse transcriptase inhibitors in
HIV, diabetes mellitus, renal or hepatic failure, thiamine deficiency,
severe infections (cholera, malaria), seizures, or drugs/toxins (biguanides, ethanol, methanol, propylene glycol, isoniazid, and fructose).
Unrecognized bowel ischemia or infarction in a patient with severe
atherosclerosis or cardiac decompensation receiving vasopressors is
a common cause of lactic acidosis. Pyroglutamic acidemia has been
reported in critically ill patients receiving acetaminophen, which is
associated with depletion of glutathione. d-Lactic acid acidosis, which
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may be associated with jejunoileal bypass, short bowel syndrome, or
intestinal obstruction, is due to formation of d-lactate by gut bacteria.

APPROACH TO THE PATIENT:
l-Lactic Acid Acidosis
The underlying condition that disrupts lactate metabolism must
first be corrected; tissue perfusion must be restored when inadequate. Vasoconstrictors should be avoided, if possible, because they
may worsen tissue perfusion. Alkali therapy is generally advocated
for acute, severe acidemia (pH <7.15) to improve cardiac function
and lactate use. However, NaHCO3 therapy may paradoxically
depress cardiac performance and exacerbate acidosis by enhancing lactate production (HCO3- stimulates phosphofructokinase).
While the use of alkali in moderate lactic acidosis is controversial,
it is generally agreed that attempts to return the pH or [HCO3-] to
normal by administration of exogenous NaHCO3 are deleterious.
A reasonable approach is to infuse sufficient NaHCO3 to raise the
arterial pH to no more than 7.2 over 30–40 min.
NaHCO3 therapy can cause fluid overload and hypertension
because the amount required can be massive when accumulation
of lactic acid is relentless. Fluid administration is poorly tolerated because of central venoconstriction, especially in the oliguric
patient. When the underlying cause of the lactic acidosis can be
remedied, blood lactate will be converted to HCO3- and may result
in an overshoot alkalosis.
Ketoacidosis • Diabetic ketoacidosis (DKA) This condition is caused by
increased fatty acid metabolism and the accumulation of ketoacids
(acetoacetate and β-hydroxybutyrate). DKA usually occurs in insulindependent diabetes mellitus in association with cessation of insulin
or an intercurrent illness such as an infection, gastroenteritis, pancreatitis, or myocardial infarction, which increases insulin requirements
temporarily and acutely. The accumulation of ketoacids accounts
for the increment in the AG and is accompanied most often by
hyperglycemia (glucose >17 mmol/L [300 mg/dL]). The relationship
between the ∆AG and ∆HCO3- is typically ∼1:1 in DKA. It should be
noted that, because insulin prevents production of ketones, bicarbonate therapy is rarely needed except with extreme acidemia (pH < 7.1),
and then in only limited amounts. Patients with DKA are typically
volume depleted and require fluid resuscitation with isotonic saline.
Volume overexpansion with IV fluid administration is not uncommon, however, and contributes to the development of a hyperchloremic
acidosis during treatment of DKA. The mainstay for treatment of this
condition is IV regular insulin and is described in Chap. 417 in more
detail.
Alcoholic ketoacidosis (AKA) Chronic alcoholics can develop ketoacidosis when alcohol consumption is abruptly curtailed and nutrition is
poor. AKA is usually associated with binge drinking, vomiting, abdominal pain, starvation, and volume depletion. The glucose concentration
is variable, and acidosis may be severe because of elevated ketones,
predominantly β-hydroxybutyrate. Hypoperfusion may enhance lactic
acid production, chronic respiratory alkalosis may accompany liver
disease, and metabolic alkalosis can result from vomiting (refer to the relationship between ∆AG and ∆HCO3-). Thus, mixed acid-base disorders
are common in AKA. As the circulation is restored by administration of
isotonic saline, the preferential accumulation of β-hydroxybutyrate is then
shifted to acetoacetate. This explains the common clinical observation of
an increasingly positive nitroprusside reaction as the patient improves.
The nitroprusside ketone reaction (Acetest) can detect acetoacetic acid
but not β-hydroxybutyrate, so that the degree of ketosis and ketonuria
can not only change with therapy, but can be underestimated initially.
Patients with AKA usually present with relatively normal renal function,
as opposed to DKA, where renal function is often compromised because
of volume depletion (osmotic diuresis) or diabetic nephropathy. The AKA
patient with normal renal function may excrete relatively large quantities
of ketoacids in the urine and, therefore, may have a relatively normal
AG and a discrepancy in the ∆AG/∆HCO3- relationship.
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